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(54) Title: ELECTRIC LAMP 




(57) Abstract 

The electric lamp has a ceramic lamp vessel (1) having a filling of rare gas and metal halide. Current conductors (2, 3) which support 
electrodes (4, 5) inside the discharge vessel (1) enter the discharge vessel (1) in a gastight manner through a ceramic sealing compound 
(6). At least one of the current conductors (2, 3) has inside the lamp vessel (1) a first, halogen-resistant part (21, 31) which is selected 
from tungsten silicide, molybdenum aluminide, molybdenum boride, pentamolybdenum trisilicide and combinations of at least two of these 
intermetallic compounds. These compounds have a coefficient of thermal expansion which corresponds to that of the discharge vessel (1). 
It is thereby prevented that the discharge vessel starts leaking if the ceramic sealing compound (6) extends beyond the first part (21, 31). 
As a result of their coefficient of thermal expansion, the intermetallic compounds may constitute the second part (22, 32) of the current 
conductors (2, 3) as well, which part (22, 32) is surrounded by the ceramic sealing compound (6) in a gastight manner. 



Codes used to identify States party to the PCT on the front 



FOR THE PURPOSES OF INFORMATION ONLY 

pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cote d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 


GB 


United Kingdom 


GE 


Georgia 


GH 


Ghana 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IL 


Israel 


IS 


Iceland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 



KG 
KP 

KR 
KZ 
LC 
LI 
LK 
LR 



Kyrgyzstan 
Democratic People's 
Republic of Korea 
Republic of Korea 
Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 
MN 
MR 
MW 
MX 
NE 
NL 
NO 
NZ 
PL 
PT 
RO 
RU 
SD 
SE 
SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



WO 00/34980 PCT/EP99/09256 

1 

Electric lamp. 



The invention relates to an electric discharge lamp comprising: 
a light-transmissive ceramic lamp vessel; 

a first and a second current conductor entering the lamp vessel and each 
supporting an electrode in the lamp vessel; 
5 a ceramic sealing compound sealing the lamp vessel around the current 

conductors in a gastight manner; 

an ionizable filling comprising a rare gas and metal halide in the lamp vessel, at 
least the first current conductor within the lamp vessel having a first halide-resistant part and, 
extending from the ceramic sealing compound to the exterior of the lamp vessel, a second part. 

10 

Such an electric lamp is known from EP-A-0 587 238. 

The current conductors of such a lamp must have a linear coefficient of thermal 
expansion which corresponds to that of the lamp vessel in order to prevent leakage of the 

15 lamp. Leakage may even occur in the manufacture of the lamp when the lamp cools down 
after the ceramic sealing compound has been provided at a relatively high temperature. At a 
too small coefficient of expansion of the current conductor, the lamp vessel shrinks to a 
stronger extent and it may crack or even break. At a too large coefficient of expansion, leakage 
may occur around the current conductors. 

20 However, the current conductors must also be resistant to the ionizable filling 

of the lamp, particularly to halide, at least in so far as they are in contact therewith: they 
should at least not substantially be attacked by or react with halide or halogen formed 
therefrom. A low resistance may not only result in damage and destruction of the current 
conductor but also in a loss of halide in the filling and in a color change of the light generated 

25 by the lamp. Moreover, the current conductors must withstand the thermal manufacturing and 
operating conditions of the lamp and, to inhibit electrical losses, they should be good 
conductors. 

Since the requirements imposed on expansion and chemical resistance are often 
not combined in one material, at least the first current conductor of the known lamp within the 
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iamp vessel has a first halide-resistant part having a different expansion than the lamp vessel, 
and a second part which extends from the seal and is not halide-resistant but has a 
corresponding expansion. This part often consists of niobium, tantalum or an alloy thereof, 
m etals which, due to their oxidation sensitivity at higher temperatures, should be screened 
5 from air by using an outer envelope for the lamp. 

If the lamp vessel is relatively narrow and elongate, and if it has a vertical 
operating position, the halide and the halogen formed therefrom are particularly present in the 
lower portion of the lamp vessel. It is then sufficient when only the first current conductor has 
a first halide-resistant portion and is present in the lower part of the lamp vessel. However, the 
10 lamp can then not be operated upside down, horizontally or obliquely. However, for obtammg 
a universal operating position, the lamp can be given a second current conductor 

corresponding to the first. 

The first part of the current conductors of the known lamp has at least at ,ts 
surface tungsten, molybdenum or molybdenum disilicide. The first part may be alternatively a 

1 5 solid rod of the materials described. 

It is a drawback of the known lamp that leakage does occur if the ceramic 
sealing compound extends as far as the first part and also connects this part to the lamp vessel. 
Nevertheless, it may be necessary to surround the second part of the current conductors withm 
the lamp vessel entirely with the ceramic sealing compound so as to protect it from a hahde 
20 attack. It has then proved to be difficult to provide the ceramic sealing compound in such an 
amount that the material at least substantially surrounds the second part but does not directly 
connect the first part to the lamp vessel . 

25 It is an object of the invention to provide an electric lamp of the type described 

in the opening paragraph, having, construction which is easy to manufacture and obviates the 
risk of leakage owing to ceramic sealing compound which also directly connects the first part 

of a current conductor to the lamp vessel. 

According to the invention, this object is achieved in that the first part of the 
30 first current conductor at least substantially comprises a material chosen from tungsten 
silicide, molybdenum aluminide, molybdenum boride, pentamolybdenum trisilicide and 
combinations of at least two of these materials. 

In a preferred embodiment, also the second current conductor has such a first 
and a second part. This embodiment simplifies the manufacture of the lamp because the same 




WO 00/34980 PCT/EP99/09256 

3 

components are used for both current conductors. The lamp can then be operated in an 
arbitrary position, while halide attack and the risk of leakage are inhibited. 

It was found that tungsten silicide in the form of WSi2 and in the form of W 5 Si3, 
molybdenum aluminide, M03AI, molybdenum boride, MoB, and pentamolybdenum trisilicide, 

5 MosSi3, have a linear coefficient of thermal expansion which corresponds to that of the lamp 
vessel. These intermetallic compounds are thermally and chemically stable in the 
circumstances of manufacturing and operating the lamp. This is in contrast to the molybdenum 
disilicide mentioned in the afore-cited EP-A-0 587 238, which decomposes when used as a 
material of the first part of the current conductor(s) upon welding to the electrode and to the 

10 second part of the current conductor(s). The materials, particularly Mo 3 Al and notably \VSi2 
can easily be processed as well as \V5Si3 and M05S13. 

The intermetallic compounds may be used in the lamp as sintered bodies or as 
wires or rods drawn from sintered bodies Although this is generally not necessary, a small 
volume, for example, several tenths of percents to several percents of metal having a relatively 

15 low linear coefficient of thermal expansion such as tungsten or molybdenum may be added toV 
the intermetallic compound so as to give the expansion an even greater conformity with that of 
the lamp vessel. 

Due to the favorable coefficient of expansion, the second part of a current 
conductor may consist of the same material as the first part and this current conductor may 
20 even be one integral body. This saves a welding operation. 

It is not objectionable if the current conductors do not have a second part of 
hydrogen-transmissive material because the presence of water from which hydrogen is 
produced in the lamp can be substantially prevented by careful manufacture. Moreover, the 
ceramic lamp vessel itself is hydrogen-permeable at the relatively high operating temperatures 
25 and the lamp may be operated, for example initially, at a power supply which can obviate an 
increased ignition voltage owing to the presence of hydrogen. 

An important advantage of current conductors with a second part extending 
beyond the lamp vessel and made of the same material as for the first portion is that the 
material is also resistant to oxygen at a higher temperature so that the lamp can be operated 
30 directly in air and does not need an outer envelope which is sealed in a gastight manner. 

It is favorable if the electric lamp has a lamp vessel with narrow end parts in 
which a respective current conductor is enclosed, the end parts having a free end where the 
lamp vessel is sealed by the ceramic sealing compound. This embodiment has the advantage 
that the ceramic sealing compound is relatively far remote from the electrodes and thus has a 
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relatively low temperature, while yet preventing that the lamp vessel behind the electrodes has 
a relatively large volume of low temperature where halide could condensate and could thus be 
withdrawn from the discharge. The volume of the end parts is small and is also sufficiently 
heated due to the passage of current through the current conductors so as to prevent 

5 accumulation of halide. 

The ionizable filling may not only comprise a rare gas as an ignition gas such 
as for example argon, but also one or more halides, for example iodides such as, for example, 
a mixture of iodides of Na, Tl and Dy, possibly with Ho and Tm, or a mixture of ,od,des of, 
for example, Na, Tl, Ca and Ho so as to radiate light at a color temperature of 3000 K, or a 

10 mixture of iodides of, for example, Na, Tl, Ca, Ce, Dy, Ho and Tm so as to generate hght at a 

temperature of 4000 K. 

The lamp vessel may consist of mono or polycrystalline material such as 

aluminium oxide or sapphire. 

The ceramic sealing compound may be, for example, a mixture of aluminum 
15 oxide, silicon oxide or dysprosium oxide or magnesium oxide. 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 



20 In the drawing: 

Fig . i shows a first embodiment in a side elevation, partly in a cross-section; 
Fig. 2 shows a second embodiment in a side elevation, partly in a cross-section 
and partly broken away. 



25 



In Fig. 1, the electric discharge lamp has a tubular, light-transmissive ceramic 
lamp vessel 1 , of polycrystalline aluminum oxide in the Figure, and a first and a second 
current conductor 2, 3 which enter the lamp vessel 1 opposite each other and each support an 
electrode 4, 5 in the lamp vessel 1, i.e. in the Figure a tungsten electrode which is welded to 
30 the current conductors 2, 3. A ceramic sealing compound 6, in the Figure 30% by weight of 
aluminum oxide, 40% by weight of silicon oxide and 30% by weight of dysprosium oxuie, 
provided in a melting process seals the lamp vessel 1 around the current conductors 2, 3 m a 
gastight manner. The lamp vessel has an ionizable filling comprising argon as a rare gas and 
metal halide. A mixture of sodium, thallium and dysprosium iodide is used as a metal hal.de. 
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At least the first current conductor 2 has a first halide-resistant part 21 within the lamp vessel 1 
and, extending from the ceramic sealing compound 6 to the exterior of the lamp vessel, a 
second part 22 which is connected to the first part 21 by welding it to this part. 

The first part 21 of the first current conductor 2 consists at least substantially of 

5 a material chosen from tungsten silicide, molybdenum aluminide, molybdenum boride, 
pentamolybdenum trisilicide and combinations of at least of two of these materials. 

In the lamp shown, the second current conductor 3 has a similar first part 31 
and second part 32 as the first current conductor 2. The second part 22, 32 of each of the two 
current conductors 2, 3 consists of niobium, the first part 21, 31 of each of the two consists of 

10 tungsten silicide, for example, W 5 Si3. 

The lamp vessel 1 has narrow end parts 11, 12 in which a respective current 
conductor 2, 3 is enclosed. The end parts 11,12 have a free end 111, 121, where the lamp 
vessel 1 is sealed by the ceramic sealing compound 6. The central part 10 of the lamp vessel 1 
is connected by way of sintering to the end parts 1 1, 12 via ceramic discs 13. 

15 The second part 22, 32 of the current conductors is entirely incorporated in; the 

ceramic sealing compound 6 within the lamp vessel 1. 

In Fig. 1, the lamp vessel 1 is enveloped by an outer envelope 7 which is sealed 
in a gastight manner and is evacuated or filled with an inert gas in order to protect the niobium 
second parts 22, 32 of the current conductors 2, 3. The outer envelope 7 supports a lamp cap 8. 

20 In another embodiment, the outer envelope 7 may be provided with two lamp caps, for 
example, R7 lamp caps. 

In Fig. 2, components corresponding to those of Fig. 1 have the same reference 
numerals. The second part of the current conductors 2, 3 in the lamp shown in this Figure also 
comprises mainly a material chosen from tungsten silicide, molybdenum aluminide, 

25 molybdenum boride, pentamolybdenum trisilicide and combinations of at least two of these 
materials and, likewise as the first part, consists in this Figure mainly of molybdenum 
aluminide. The current conductors 2, 3 thus each constitute one integral body. 

The lamp vessel 1 is secured to a lamp cap 8. Around the current conductor 3, 
which exits at the end of the lamp vessel 1 remote from the lamp cap 8, the lamp has a ceramic 

30 cap 9 which is fixed with cement 12. A conductor 10 incorporated in a ceramic tube 1 10 is 

connected to the current conductor 3. The lamp can safely be touched due to the tube 1 10 and 
the cap 9. The lamp can be operated in air due to the oxygen resistance of the current 
conductors 2, 3. 
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Trial tamps as described and shown in Hg. 1 were manuf aclured in various 

rrr-t^^^— ------ 

cum „, conduce. After 3000 hours ofoperation. rhe ianrps aU« had Ihe sanre properiies as 
th e reference Itmtps. ^ ^ ^ ^ ^ ^ ^ w ^ ^ „ firs , ^ of 

m e current conductors. After 300. hoars of operacion. ,he .amps aril, had the sanre pn.peri.es 
. ,he rf 4 ^ of 400 w had . molybd enum boridefirstparrofthe 

curoM conduce. A rungsren decode and a niobium wire had been fixed I by sinretmg ina 
c I" lyi „ < heend,aee S of.ber,r S .poriions.After,000bou B ofopera.,o„,,he,a m pss„ 1 ,h»d 

15 Sesame properties as the reference lamps. 

Thesa.isfacto^eiecnicalconducdvityand.beha.td.-reatsunceof.he 

^ compounds used am apparen, from .he erpta, behavior of *"*»~~^L 
ILnce iamps. The .hermal expansion „, ,he compounds did nor give rtse ro leaKage, neuher 
in the manufacture of the lamps nor during operat.cn. 
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1. An electric discharge lamp comprising: 

a light-transmissive ceramic lamp vessel (1); 

a first and a second current conductor (2, 3) entering the lamp vessel (1) and 
each supporting an electrode (4, 5) in the lamp vessel (1); 
5 a ceramic sealing compound (6) sealing the lamp vessel (1) around the current 

conductors (2, 3) in a gastight manner; 

an ionizable filling comprising a rare gas and metal halide in the lamp vessel 

(1), 

at least the first current conductor (2) within the lamp vessel (1) having a first halide-resistant - 
10 part (21) and, extending from the ceramic sealing compound (6) to the exterior of the lamp* 

vessel, a second part (22), 

characterized in that the first part (21) of the first current conductor (2) at least 

substantially comprises a material chosen from tungsten silicide, molybdenum aluminide, 

molybdenum boride, pentamolybdenum trisilicide and combinations of at least two of these 
15 materials. 

2. An electric discharge lamp as claimed in claim 1, characterized in that also the 
second current conductor (3) has a similar first part (31) and second part (32) as the first 
current conductor (2). 

20 

3. An electric discharge lamp as claimed in claim 1 or 2, characterized in that the 
lamp vessel (1) has narrow end parts (11, 12) in which a respective current conductor (2, 3) is 
enclosed, which end portions (11, 12) have a free end (111, 121) where the lamp vessel (1) is 
sealed by the ceramic sealing compound (6). 

25 

4. An electric discharge lamp as claimed in claim 1, 2 or 3, characterized in that 
the second part (22, 32) within the lamp vessel (1) is entirely enclosed in the ceramic sealing 
compound (6). 
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An to discharge lamp «s claimed in claim 1, 2 or 3. characierized in .ha, 
me second par, (22. 32) aUo aubsiandaily comprise, a materia, chosen from ,u„ g s,en siiic.de. 
ZU1 aluminide, mo„bden U m boride, pen—ybdemm, « and commons 
of at least two of these materials. 
5 6 . An electric discharge lamp as claimed in claim 5, characterized in that the 

current conductor (2, 3) is one integral body. 

7 . An electric discharge lamp as claimed in any one of claims 1-6, characterized in 
10 that at least molybdenum aluminide is chosen. 

8 . An electric discharge lamp as claimed in any one of claims 1-6, characterized in 
that at least tungsten silicide is chosen. 

15 9 . An electric discharge lamp as claimed in any one of claims 1-6, characterized in 

that at least pentamolybdenum trisilicide is chosen. 

10 . An electric discharge lamp as claimed in claim 8, characterized in that 

pentatungsten trisilicide (W 5 Si 3 ) is chosen. 
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